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(57) ABSTRACT 

Amethod for delivering a drug to the site of an intravascular 
occlusion. A guidewire having a balloon at one end is 
advanced across the occlusion using a guide catheter, and the 
balloon is in?ated distal to the occlusion to occlude the 
blood vessel. An aspiration catheter is then inserted into the 
vessel with its tip less than about 5 mm from the surface of 
the balloon, and a drug is delivered which ?ows distal to 
proximal to treat the occlusion. 
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METHODS AND APPARATUSES FOR DRUG 
DELIVERY TO AN INTRAVASCULAR 

OCCLUSION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of: US. appli 
cation Ser. No. 09/537,471, ?led Mar. 24, 2000, now US. 
Pat No. 6,454,741, Which is a continuation of US. applica 
tion Ser. No. 09/049,857, ?led Mar. 27, 1998, now US. Pat. 
No. 6,135,991, Which is a continuation-in-part of US. 
application Ser. No. 08/813,807, ?led. Mar. 6, 1997, noW 
abandoned; US. application Ser. No. 09/049,712, ?led Mar. 
27, 1998, now US. Pat No. 6,544,276, Which is a 
continuation-in-part of US. application Ser. No. 08/975, 
723, ?led Nov. 20, 1997, now US. Pat. No. 6,050,972, 
Which is a continuation-in-part of US. application Ser. No. 
08/812,139, ?led Mar. 6, 1997, abandoned, Which is a 
continuation-in-part of US. application Ser. No. 08/ 650,464 
?led May 20, 1996, noW abandoned; US. application Ser. 
No. 09/438,030, ?led Nov. 10, 1999, now US. Pat No. 
6,652,480; US. application Ser. No. 09/270,150, ?led Mar. 
16, 1999, noW abandoned; US. application Ser. No. 09/837, 
872, ?led Apr. 17, 2001, noW abandoned, Which is a con 
tinuation of US. application Ser. No. 09/415,607, ?led Oct. 
8, 1999, now US. Pat. No. 6,217,567, Which is a continu 
ation of US. application Ser. No. 08/812,876, ?led Mar. 6, 
1997, now US. Pat. No. 6,068,623; and US. application 
Ser. No. 09/314,054, ?led May 18, 1999, noW abandoned, 
Which is a continuation of US. application Ser. No. 08/812, 
570, ?led Mar. 6, 1997, now US. Pat. No. 6,022,336, Which 
is a continuation-in-part of US. application Ser. No. 08/ 650, 
464, ?led May 20, 1996, noW abandoned; all of Which are 
incorporated by reference in their entireties. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
Certain embodiments disclosed relate to delivery of drugs 

to the site of an intravascular occlusion using an aspiration 
or other catheter. The method is particularly Well suited for 
treating stenoses or occlusions Within saphenous vein grafts, 
coronary arteries, cerebral arteries and similar vessels. 

2. Description of the Related Art 
Human blood vessels often become occluded or com 

pletely blocked by plaque, thrombi, emboli or other 
substances, Which reduces the blood carrying capacity of the 
vessel. Should the blockage occur at a critical location in the 
circulation, serious and permanent injury, or death, can 
occur. To prevent this, some form of medical intervention is 
usually performed When signi?cant occlusion is detected, 
such as during an acute myocardial infarction 

Coronary heart disease is the leading cause of death in the 
United States and a common occurrence WorldWide. Dam 

age to or malfunction of the heart is caused by narroWing or 
blockage of the coronary arteries (atherosclerosis) that sup 
ply blood to the heart. The coronary arteries are ?rst nar 
roWed and may eventually be completely blocked by plaque, 
and may further be complicated by the formation of thrombi 
(blood clots) on the roughened surfaces of the plaques. AMI 
can result from atherosclerosis, especially from an occlusive 
or near occlusive thrombus overlying or adjacent to the 
atherosclerotic plaque, leading to death of portions of the 
heart muscle. Thrombi and emboli also often result from 
myocardial infarction, and these clots can block the coronary 
arteries, or can migrate further doWnstream, causing addi 
tional complications. 
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2 
The carotid arteries are the main vessels Which supply 

blood to the brain and face. The common carotid artery leads 
upWards from the aortic arch, branching into the internal 
carotid artery Which feeds the brain, and the external carotid 
artery Which feeds the head and face. The carotid arteries are 
?rst narroWed and may eventually be almost completely 
blocked by plaque, and may further be complicated by the 
formation of thrombi (blood clots) on the roughened sur 
faces of the plaques. NarroWing or blockage of the carotid 
arteries is often untreatable and can result in devastating 
physical and cognitive debilitation, and even death. 

Various types of intervention techniques have been devel 
oped Which facilitate the reduction or removal of the block 
age in the blood vessel, alloWing increased blood ?oW 
through the vessel. One technique for treating stenosis or 
occlusion of a blood vessel is balloon angioplasty. Aballoon 
catheter is inserted into the narroWed or blocked area, and 
the balloon is in?ated to expand the constricted area. In 
many cases, near normal blood How is restored. It can be 
dif?cult, hoWever, to treat plaque deposits and thrombi in the 
coronary arteries, because the coronary arteries are small, 
Which makes accessing them With commonly used catheters 
dif?cult. Other types of intervention include atherectomy, 
deployment of stents, introduction of speci?c medication by 
infusion, and bypass surgery. 

Furthermore, the fear of dislodging an embolus from an 
ulcerative plaque and the severe resulting consequences has 
prevented the Widespread use of angioplasty in the carotid 
arteries. Because of the potential complications, the options 
for minimally invasive treatment of the carotid arteries are 
severely limited. 

Carotid endarterectomy is another type of intervention for 
removal of blockages from the carotid arteries. In 
endarterectomy, the carotid bifurcation is exposed through 
an incision in the neck of the patient. Clamps are placed on 
either side of the occlusion to isolate it, and an incision made 
to open the artery. The occlusion is removed, the isolated 
area irrigated and aspirated, and the artery sutured closed. 
The clamps are removed to reestablish blood ?oW through 
the artery. In carotid endarterectomy, the emboli and debris 
are contained and directed by activating and deactivating the 
clamps. For example, after the clamps are in place, one on 
the common carotid artery and one on the internal carotid 
artery, the particles are contained betWeen the tWo clamps. 
After the occlusion is removed, the clamp on the common 
carotid artery is opened, alloWing blood to How into the 
previously isolated area toWard the clamp on the internal 
carotid. This blood How is then aspirated through an external 
aspiration tube. The common carotid artery is then 
reclamped, and the clamp on the internal carotid opened. 
This causes blood to How into the previously isolated area 
toWard the clamp on the common carotid artery. The How is 
then aspirated. The clamp on the internal carotid artery is 
closed, and the artery is sutured closed. This method alloWs 
for the ?ushing of debris into the area Where aspiration 
occurs. 

Alternatively, this method of clamping and unclamping 
the carotid arteries can be done after the incision in the artery 
is sutured closed. Using this method, it is hoped that any 
particles in the internal carotid artery Will be forced back to 
the common carotid artery, then into the external carotid 
area, Where serious complications are unlikely to arise from 
emboli. 

Carotid endarterectomy is not Without the serious risk of 
emboliZation and stroke caused by particles of the blocking 
material and other debris moving doWnstream to the brain, 
hoWever. 
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There is therefore a need for improved methods of treat 
ment of occluded vessels Which decrease the risks to the 
patient. 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention, a method is 
provided for treating an intravascular occlusion. The method 
comprises delivering ?uid containing an occlusion-treating 
drug at a location proximal to an intravascular occlusive 
device. The occlusive device may be a balloon, While the 
drug may be a thrombolytic agent, an anticoagulant or a 
radioisotope. The occlusive device is preferably delivered 
on a guideWire, With the occlusive device being actuated 
once the device is delivered distal to the occlusion. The drug 
is preferably delivered at a rate of betWeen about 0.1 and 10 
cc/second. In one embodiment, the drug travels proximally 
to distally, and once the drug or at least a portion thereof 
contacts the device, the drug or portion thereof travels in a 
distal to proximal direction, i.e., against the ?oW of blood. 
Correspondingly, because blood is ?oWing proximally to 
distally in the vessel, the blood ?oW localiZes the drug at a 
desired treatment site in order to treat the occlusion. 

The ?uid-containing drug is preferably delivered through 
a catheter riding over the guideWire. In one embodiment, the 
catheter is an aspiration catheter. This alloWs the same 
lumen used for delivering drugs to aspirate any particles 
broken off by the drug treatment. Because the occlusive 
device is preferably actuated continuously during both drug 
delivery and aspiration, by delivering drugs and aspirating 
through the same catheter, the time that the occlusive device 
remains in?ated is minimiZed. 

In another embodiment of the present invention, a method 
for treating an intravascular occlusion comprises delivering 
an occlusive device at its distal end into a blood vessel to a 
site near said occlusion. A catheter having a proximal end 
and distal end is delivered to the site of said occlusion such 
that the distal end of the catheter is proximal to the occlusive 
device. The occlusive device on the guideWire is actuated at 
a location distal to said occlusion to at least partially occlude 
blood ?oW through the vessel. A drug-containing ?uid is 
delivered from the distal end of the catheter such that at least 
a portion of the drug-containing ?uid contacts the occlusive 
device. 

In another embodiment of the present invention, a method 
of treating an intravascular occlusion in a blood vessel 
comprises delivering a guideWire having an occlusive device 
to the site of the occlusion such that the occlusive device is 
distal to the occlusion. A catheter is delivered having a 
proximal end and a distal end and a lumen extending 
therethrough to the site of the occlusion such that the distal 
end of the catheter is proximal to the occlusive device. The 
occlusive device is actuated to at least partially obstruct 
blood ?oW through the blood vessel. A treatment ?uid is 
delivered through the lumen of the catheter such that the 
?uid ?oWs in a proximal to distal direction out of the distal 
end of the catheter, and then ?oWs in a distal to proximal 
direction after contacting the occlusive device. Particles 
generated by the action of the treatment ?uid on the occlu 
sion are aspirated through the lumen of the catheter at the 
distal end. 

In another embodiment of the present invention, a method 
for crossing an intravascular occlusion in a blood vessel is 
provided. The method comprises delivering a holloW Wire in 
a proximal to distal direction past the occlusion, and deliv 
ering ?uids through a lumen in said holloW Wire to dissolve 
the occlusion While crossing of the occlusion With the 
holloW Wire. 
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4 
In another embodiment of the present invention, a method 

for treating an intravascular occlusion, comprises delivering 
a catheter having a proximal end and a distal end and a 
lumen extending therethrough into a blood vessel to a site 
near said occlusion. The catheter has an occlusive device on 
the distal end. The occlusive device is actuated at a location 
distal to the occlusion to at least partially occlude blood ?oW 
through said vessel. A drug-containing ?uid is injected 
through the lumen of the catheter across said occlusion in a 
distal to proximal direction. In one embodiment, the drug 
containing ?uid is delivered through a plurality of holes in 
the catheter proximal to the occlusive device. In another 
embodiment, the drug-containing ?uid is delivered through 
a plurality of holes in a proximal face of an occlusive 
balloon. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW of an integrated in?ation/ 
de?ation device, shoWn operably coupled to an illustrative 
in?ation adapter and a balloon catheter deployed in a blood 
vessel. 

FIG. 2A is a side vieW of a balloon catheter Which can be 
used in accordance With one preferred embodiment of the 
present invention. 

FIG. 2B is a longitudinal cross-sectional vieW of the distal 
end of the balloon catheter of FIG. 2A. 

FIG. 2C is an enlarged cross-sectional vieW of the proxi 
mal end of the balloon of FIG. 2B. 

FIG. 3 shoWs the in?ation adapter of FIG. 1 having a loW 
pro?le catheter valve and balloon catheter placed there 
Within. 

FIG. 4A is a partial cross-sectional vieW of a loW pro?le 
catheter valve. 

FIG. 4B is an enlarged vieW of the loW pro?le catheter 
valve of FIG. 4A, shoWing the valve in an open position (and 
a closed position shoWn in phantom). 

FIG. 5 is a side vieW of an illustrative single operator type 
aspiration catheter according to a preferred embodiment of 
the present invention. 

FIGS. 6A—6D are partial cross-sectional vieWs of a 
guideWire having an occlusion balloon and an aspiration 
catheter crossing an occlusion. 

FIG. 7 is a perspective vieW of a therapy catheter deliv 
ering a drug and a guideWire having an occlusive device 
inserted into a blood vessel, With the blood vessel shoWn 
partially cut aWay. 

FIGS. 8A and 8B shoW a catheter having an occlusive 
device at its distal end, and an aspiration catheter, inserted 
into a blood vessel to treat an intravascular occlusion using 
the drug delivery method according to one embodiment of 
the present invention. 

FIG. 9A is a side vieW of a guideWire having side ports for 
delivering ?uids to an occlusion in a blood vessel, With the 
vessel shoWn partially cut aWay. 

FIG. 9B is a side vieW of a guideWire having an irrigation 
hole at its distal end for delivering ?uids to an occlusion in 
a blood vessel, With the vessel shoWn partially cut aWay. 

FIG. 10A is a side vieW of a temporary occlusion balloon 
catheter having side ports for delivering ?uids to an occlu 
sion in the blood vessel, With the vessel shoWn partially cut 
aWay. 

FIG. 10B is a side vieW of the catheter of FIG. 10A, 
shoWing the balloon in?ated. 

FIGS. 11A—11C are schematic cross-sectional vieWs of 
alternative embodiments of a holloW catheter having holes, 
valves, and the like, to permit the escape of irrigation or 
other ?uids. 
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FIG. 12 is a perspective vieW of an embodiment in Which 
a distal occlusion device has a plurality of holes therein for 
passing ?uid across an occlusion. 

FIG. 13 is a perspective vieW of an embodiment in Which 
an elongate member (e.g., a guideWire) has a plurality of 
holes therein for passing ?uid across an occlusion. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Certain preferred embodiments of the present invention 
provide methods for localiZed drug delivery in high con 
centration to the site of an intravascular occlusion by using 
an aspiration catheter for both aspiration and drug delivery. 
This method is used either alone, or in combination With a 
therapy catheter as discussed beloW. The drug delivery 
method may be used in conjunction With any method for 
preventing distal emboliZation during removal of plaque, 
thrombi or other occlusions from a blood vessel. Apreferred 
embodiment of the present invention is adapted for use in the 
treatment of a stenosis or an occlusion in a blood vessel in 
Which the stenosis or occlusion has a length and a Width or 
thickness Which at least partially occludes the vessel’s 
lumen. Thus, the method is effective in treating both partial 
and complete occlusions of blood vessels. 

It is to be understood that “occlusion” as used herein With 
reference to a blood vessel is a broad term and is used in its 
ordinary sense and includes both complete and partial 
occlusions, stenoses, emboli, thrombi, plaque and any other 
substance Which at least partially occludes the lumen of the 
blood vessel. The term “occlusive device” as used herein is 
a broad term and is used in its ordinary sense and includes 
balloons, ?lters and other devices Which are used to partially 
or completely occlude the blood vessel prior to performing 
therapy on the occlusion. It Will be appreciated that even 
When a ?lter is used, the ?lter may be partially or completely 
occlusive. 

The term “drugs” as used herein is a broad term and is 
used in its ordinary sense and includes genes and cells. The 
methods of the present invention are particularly suited for 
use in removal of occlusions from saphenous vein grafts, 
coronary and carotid arteries, and vessels having similar 
pressures and ?oW. 

I. OvervieW of Occlusion System 
A. Balloon System 

FIG. 1 illustrates generally the components of one exem 
plifying occlusion balloon guideWire system 10. As 
described in further detail beloW, an occlusion balloon 12 
used in this system is delivered on a guideWire 14 to a 
location in a blood vessel 16 distal an occlusion 18. Through 
the use of an adapter 20 and an in?ation/de?ation device or 
syringe assembly 22, the balloon is in?ated through a lumen 
in the guideWire 14 to occlude the vessel distal to the 
occlusion. Through the use of a valve 24 described beloW, 
the adapter 20 can be removed from the proximal end of the 
guideWire 14 While the balloon 12 remains in?ated. With the 
proximal end of the guideWire free of obstructions, various 
therapy and other catheters can be delivered and exchanged 
over the guideWire 14 to perform treatment on the occlusion 
18. Because the balloon 12 on the guideWire 14 remains 
in?ated distal to the occlusion 18, any particles broken off by 
treating the occlusion 18 are isolated proximal to the bal 
loon. These particles can be removed using an aspiration 
catheter 200 (shoWn in phantom in FIG. 1) delivered over 
the guideWire. After the particles are removed, the adapter 
20 and in?ation/de?ation device 22 can be reattached to the 
proximal end of the guideWire to de?ate the balloon. 

1O 

15 

25 

35 

40 

45 

55 

65 

6 
B. Syringe Assembly 

Preferred embodiments of the present invention may 
comprise or be used in conjunction With a syringe assembly 
as described in US. Pat. No. 6,234,996, the entirety of 
Which is incorporated herein by reference in its entirety. One 
preferred syringe assembly is available from Medtronic 
PercuSurge, Inc. of Sunnyvale, Calif. under the name EZ 
FLAT ORTM. 
One preferred embodiment of a syringe assembly 22 for 

in?ation and de?ation of an occlusion balloon is shoWn in 
FIG. 1. The syringe assembly 22 comprises a loW-volume 
in?ation syringe 26 and a high capacity or reservoir syringe 
28 encased together in a housing 30. The syringe assembly 
22 is preferably attached via a connector 32 and a short tube 
34 to an adapter 20 Within Which a loW pro?le catheter valve 
24 and a balloon catheter 14 are engaged during use. The 
balloon catheter is shoWn in an in?ated state Within a blood 
vessel in FIG. 1 An in?ation/de?ation knob 36 is disposed 
on the outside of the housing 30. Indicia 38 are preferably 
located on the housing 30 adjacent the knob 36 so that a 
clinician using the device can monitor the precise volume of 
liquid delivered by the in?ation syringe 22. As depicted, the 
indicia 38 preferably comprise numbers corresponding to 
the siZe and shape of the balloon used. When the knob 38 is 
rotated from the “DEFLATE” or “0:” position to the number 
corresponding to the balloon in use, the syringe assembly 22 
delivers the ?uid volume associated With that balloon siZe. 
Alternatively, the indicia 38 could indicate the standard or 
metric volume of ?uid delivered at each position. A handle 
40 is formed at a proximal end of the plunger 42. Preferably, 
the handle 40 is large, as illustrated in FIG. 1, and is easily 
held in a clinician’s hand. 
C. Occlusion Balloon GuideWire 
The occlusion balloon guideWire system generally illus 

trated in FIG. 1 performs the function of occluding a vessel 
and alloWing for the slidable insertion or advancement of 
various other catheters and devices. The term “catheter” as 
used herein is therefore intended to include both guideWires 
and catheters With these desired characteristics. 
As shoWn in FIG. 2A, a balloon guideWire catheter 14 

generally comprises an elongate ?exible tubular body 44 
extending betWeen a proximal control end 46, corresponding 
to a proximal section of the tubular body 44, and a distal 
functional end 50 (not shoWn), corresponding to a distal 
section of tubular body 44. Tubular body 44 has a central 
lumen 48, Which extends betWeen the proximal and distal 
ends. An in?ation port 52, shoWn also in FIGS. 4A and 4B 
described beloW, is provided on tubular body 44 near the 
proximal end 46. In?ation port 52 is in ?uid communication 
With lumen 50 such that ?uid passing through in?ation port 
52 into or out of the lumen 50 may be used to in?ate or 
de?ate an in?atable balloon 12 in communication With 
lumen 50. 
A valve 24, as described beloW, is inserted into the 

proximal end 46 of the tubular body 44 to control in?ation 
of a balloon 12 mounted on the distal end of the tubular body 
through in?ation notch 52. The in?ation notch 52 is pref 
erably formed by electric discharge machining (EDM). A 
proximal marker 53, Which is preferably made of gold, is 
placed over the tubular body 44 distal to the in?ation notch 
52. Distal to the marker 53, a nonuniform coating 55 of 
polymer material, more preferably polytetra?uoroethylene 
(TFE), is applied to the tubular body 44, terminating proxi 
mal to a shrink tubing 62. The shrink tubing 62 extends up 
to and Within the balloon 12, as described beloW. Adhesive 
tapers 72 and 74 extend from the proximal and distal ends 
of the balloon, respectively. The proximal taper 72 prefer 
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ably extends from the proximal end of the balloon to the 
shrink tubing 62 on the tubular body 44, While the distal 
taper 74 extends to coils 56 extending from the distal end 48 
of the tubular body 44. The coils 52 terminate in a distal ball 
58. 

The length of the tubular body 44 may be varied consid 
erably depending on the desired application. For example, 
When catheter 14 serves as a guideWire for other catheters in 
a conventional percutaneous transluminal coronary angio 
plasty procedure involving femoral artery access, tubular 
body 44 is comprised of a holloW hypotube having a length 
in the range from about 160 to about 320 centimeters, With 
a length of about 180 centimeters being optimal for a single 
operator device, or 300 centimeters for over the Wire appli 
cations. Alternatively, for a different treatment procedure not 
requiring as long a length of tubular body 44, shorter lengths 
of tubular body 44 may be provided. 

Tubular body 44 generally has a circular cross-sectional 
con?guration With an outer diameter Within the range from 
about 0.008 inches to 0.14 inches. In applications Where 
catheter 14 is to be used as a guideWire for other catheters, 
the outer diameter of tubular body 44 ranges from 0.010 
inches to 0.038 inches and preferably is about 0.014 to 0.020 
inches in outer diameter or smaller. Noncircular cross 
sectional con?gurations of lumen 50 can also be adapted for 
use With the catheter 14. For example, triangular, 
rectangular, oval and other noncircular cross-sectional con 
?gurations are also easily incorporated for use With the 
preferred embodiments, as Will be appreciated by those of 
skill in the art. The tubular body 44 may also have variable 
cross-sections. 

The tubular body 44 has su?icient structural integrity or 
“pushability” to permit catheter 14 to be advanced through 
the vasculature of a patient to distal arterial locations With 
out buckling or undesirable kinking of tubular body 44. It is 
also desirable for the tubular body 44 to have the ability to 
transmit torque such as in those embodiments Where it may 
be desirable to rotate tubular body after insertion into a 
patient. A variety of biocompatible materials knoWn by 
those of skill in the art to possess these properties and to be 
suitable for catheter manufacture may be used to produce 
tubular body 44. For example, tubular body 44 may be made 
of a stainless steel material such as ELGILOYTM. or may be 
made of polymeric material such as PEEK, nylon, 
polyimide, polyamide, polyethylene or combinations thereof 
In one preferred embodiment, the desired properties of 
structural integrity and torque transmission are achieved by 
forming the tubular body 44 out of an alloy of titanium and 
nickel, commonly referred to as nitinol. In a more preferred 
embodiment, the nitinol alloy used to form the tubular body 
80 is comprised of about 50.8% nickel and the balance 
titanium, Which is sold under the trade mark TINELTM by 
Memry Corporation. It has been found that a catheter tubular 
body having this composition of nickel and titanium exhibits 
an improved combination of ?exibility and kink-resistance 
in comparison to other materials. 

Other details regarding construction of balloon guideWire 
catheters may be found in assignee’s US. Pat. No. 6,068, 
623, US. Pat. No. 6,228,072, and copending applications 
entitled FLEXIBLE CATHETER, application Ser. No. 
09/253,591, ?led Feb. 22, 1999, and FLEXIBLE CATH 
ETER WITH BALLOON SEAL BANDS, application Ser. 
No. 09/653,217, ?led Aug. 31, 2000, all of Which are hereby 
incorporated by reference in their entirety. One preferred 
guideWire system is available from Medtronic PercuSurge, 
Inc. of Sunnyvale, Calif., under the name GUARDWIRE 
PLUSTM. 
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As illustrated in FIG. 2A, an occlusive device such as an 

in?atable balloon 12 is mounted on the distal end 48 of 
tubular body 44. In one preferred embodiment, the balloon 
12 is a compliant balloon formed of a material comprising 
a block polymer of styrene-ethylene-butylene-styrene 
(SEBS), as disclosed in assignee’s copending application 
entitled BALLOON CATHETER AND METHOD OF 
MANUFACTURE, application Ser. No. 09/026,225, ?led on 
Feb. 19, 1998, and in US. Pat. No. 5,868,705, the entirety 
of both of Which are hereby incorporated by reference. The 
balloon 12 may be secured to the tubular body 44 by any 
means knoWn to those skilled in the art, such as adhesives 
or heat bonding. For example, for attachment of a SEBS 
balloon to a nitinol tube, a primer such as 7701 LOCTITETM 
by Loctite Corporation is preferably used along With 
cyanoacrylate adhesive such as LOCTITE-4011. 
The balloon 12 described in the preferred embodiments 

preferably has a length of about 5 to 9 mm and more 
preferably about 6 to 8 mm. Other occlusive devices such as 
?lters are suitable for the catheter 44, such as those disclosed 
in assignee’s copending applications entitled OCCLUSION 
OF A VESSEL, Ser. No. 09/026,106, ?led Feb. 19, 1998, 
OCCLUSION OF A VESSEL, Ser. No. 09/374,741, ?led 
Aug. 13, 1999, OCCLUSION OF A VESSEL AND 
ADAPTER THEREFOR, Ser. No. 09/509,911, ?led Feb. 17, 
2000, MEMBRANES FOR OCCLUSION DEVICE AND 
METHODS AND APPARATUS FOR REDUCING 
CLOGGING, Ser. No. 09/505,554, ?led Feb. 17, 2000, and 
STRUT DESIGN FOR AN OCCLUSION DEVICE, Ser. 
No. 09/505,546, ?led Feb. 17, 2000, the entirety of each of 
Which is hereby incorporated by reference. 

With reference to FIG. 2B, a core Wire 54 is provided 
inside the lumen 50 and is crimped to the tubular body 44. 
Coils 56 extend from the distal end of the tubular body 44, 
surround the core Wire 54, and terminate in a distal ball 58. 
In one embodiment, the core Wire may have one or more 
tapers, and can extend proximally into tubular body 44. 
Other details regarding the core Wire are discussed in 
assignee’s copending application entitled CATHETER 
CORE WIRE, Ser. No. 09/253,971, ?led Feb. 22, 1999, the 
entirety of Which is hereby incorporated by reference. 

In one embodiment, shoWn in FIG. 2B, the tubular body 
44 preferably has cuts 60 to create a coiled con?guration. A 
sleeve 62 is preferably provided over the tubular body 44. 
Adhesive stops 64 and 66 are provided about 1 to 2 mm from 
the ends of the balloon, to control the Wicking length of the 
adhesive 68 into the balloon Working area. Balloon in?ation 
is provided through the cuts 60 in the tubular body 44. A 
marker 70 is mounted to the tubular body 66 proximal of the 
balloon 12. Adhesive tapers 72 and 74 are provided adjacent 
the balloon 12 to provide a transition region betWeen the 
tubular body 44 and balloon 12 at the balloon’s proximal end 
and betWeen the balloon 12 and the core Wire 54 at the 
balloon’s distal end. Seal bands 76 and 78 are applied to the 
proximal and distal ends of the balloon to improve bond 
integrity. Other details regarding this balloon catheter may 
be found in assignee’s above-referenced copending appli 
cations entitled FLEXIBLE CATHETER and FLEXIBLE 
CATHETER WITH BALLOON SEAL BANDS. 
D. In?ation Adapter and LoW Pro?le Catheter Valve 

Referring next to FIG. 3, the in?ation adapter 20 com 
prises a housing having tWo halves 80, 82 preferably formed 
of metal, medical grade polycarbonate, or the like. The 
halves 80, 82 are attached by hinges to be separated or joined 
in a clam shell manner. A locking clip 84 secures the halves 
While the adapter 20 is in use. Clips 82 Within the housing 
accept and securely hold the catheter 14 in a correct position. 














